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(37) ABSTRACT

A circuit or combined ballast for driving a fluorescent lamp
and at least one light emitting diode (LED) includes an 1nte-
grated driver circuit having an alternating current (AC) circuit
that includes at least one ballast coil for driving the fluores-
cent lamp and a direct current circuit for driving the LED
having a secondary winding inductively coupled with the
fluorescent lamp ballast coil for driving the LED. A method of
driving a lamp assembly includes at least one fluorescent
lamp and at least one light emitting diode (LED) and a com-
bined driver circuit for supplying both the fluorescent lamp
and the LED. The combined driver circuit supplies high volt-
age AC supply to a first portion of the driver circuit to the
fluorescent lamp, supplies low voltage DC supply 1n a second
portion of the driver circuit to the LED, and provides a sec-
ondary winding in the second portion of the driver circuit that

1s inductively coupled with a ballast coil 1n the first portion of
the driver circuit that drives the fluorescent lamp.

19 Claims, 7 Drawing Sheets
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COMBINED BALLAST FOR FLUORESCENT
LAMP AND LIGHT EMITTING DIODE AND
METHOD OF DRIVING SAME

BACKGROUND

This application relates to a lamp assembly, and more
particularly a combined lamp assembly incorporating a fluo-
rescent lamp and more preferably a compact fluorescent lamp
(CFL) light source and at least one light emitting diode (LED)
light source. More particularly, this application relates to a
combined arrangement for operating the lamp assembly, and
particularly a combined driver circuit for the two light
sources. However, 1t will be appreciated that the disclosure
may find use 1n related environments and applications.

It 1s generally known to provide a lamp assembly having
combined light sources. For example, different types of light
sources may be combined in a lamp assembly where each
light source provides a different type of light output, and the
combined output provides a mixture of light that cannot be
achieved by either light source on its own. Commonly owned
and co-pending application (U.S. Ser. No. 12/021,880, filed
29 Jan. 2008) discloses a combined lamp assembly that
includes a CFL light source and at least one LED light source
and the disclosure thereof 1s expressly incorporated herein by
reference. Particularly, the LED 1s preferably one that emits
red light. The red light of the LED 1s mixed with the output of
the CFL to advantageously provide an enriched, red color to
the combined light output.

Known lamp assemblies that combine light sources usually
employ separate, first and second driver circuits, namely a
dedicated first driver circuit for controlling the CFL and a
dedicated second driver circuit for controlling the LED. The
CFL requires a high voltage, AC source and the first driver
circuit or ballast associated therewith 1s an area of continued
development and improvement. The LED, on the other hand,
usually requires a DC power source and a low voltage. Thus,
although combining the different types of light sources 1n a
single lamp assembly 1s advantageous for light output, the
combination presents unique 1ssues since the needed driver
circuits are so different. As will be appreciated, separate
driver circuits add undesired cost and complexity to the lamp
assembly.

Still another consideration 1s the space requirement of the
lamp assembly. It 1s difficult to include separate LED and
CFL driving circuits 1n the limited volume associated with the
lamp assembly. Likewise, 1f the driving circuits are com-
bined, then the same concerns with space requirements still
exist.

There are several ways of driving a LED from a line-AC
source. For example, one proposal uses a transformer for low
voltage driving, and a resistor or capacitor for current limit-
ing, that 1s before or after the transformer. Another optionisto
employ a current generator circuit using a switching power
supply with a current limiter or generator. The switching
power supply 1s connected with several LEDs. The current 1s
limited by a capacitor and/or resistor.

One proposed solution to an integrated or combined circuit
1s disclosed 1n published international application WO2007/
066252 Al. An LED circuit 1s connected 1n series with the
fluorescent lamp and the high frequency alternating current
that drives the fluorescent light source 1s supplied to the LED
circuits. Each LED circuit has at least three parallel branches,
namely, a first branch includes an impedance circuit while the
second and third branches contain the LEDs which are con-
nected 1n anti-parallel relation. The impedance circuit con-
trols the amount of current flowing through one of the second
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and third branches at any one time (i.e., if there 1s high
impedance, then a large part of the AC flows through the
second or third branches, and vice versa 1f there 1s low imped-
ance, then a small portion of the AC current flows through the
second and third branches). Since the LED allows current to
flow 1n only one direction, and the LEDs are arranged 1n
anti-parallel relation 1n the second and third branches, the
alternating current can flow through one of the second and
third branches at any one time.

This solution 1s not as desirable since the LED and the
fluorescent lamp are connected in series. Since, as noted
above, an individual LED 1s usually driven by DC current,
and fluorescent lamps are driven by AC current, the combined
lamp assembly necessarily requires at least two LEDs—one
operable 1n each current direction, Moreover, since the com-
ponents are arranged 1n series relation, the current that flows
through the fluorescent lamp and the LED driver circuit 1s
necessarily the same. Further, 1ignition of the fluorescent lamp
requires high voltage (on the order of 100 volts, for example,
for a compact tluorescent lamp assembly). This voltage level
1s not desired for LEDs since 1t could potentially damage the

LED light source.

Thus, a need exists for an inexpensive, compact, low
power, elficient combined light assembly and associated
combined driver circuit that addresses the competing, dispar-
ate requirements of the different types of light sources and
overcomes the deficiencies 1dentified above.

BRIEF DESCRIPTION

The present application discloses a combined lamp assem-
bly that incorporates different, first and second light sources
(e.g., a fluorescent lamp and an LED) with a combined driver
circuit wherein the LED 1s not driven by line AC.

The light assembly driver circuit for driving a fluorescent
lamp and at least one light emitting diode (LED) preferably
includes an integrated driver circuit including an alternating
current (AC) circuit that includes at least one ballast coil for
driving the fluorescent lamp, and a direct current circuit hav-
ing a secondary winding inductively coupled with the ballast
coil for driving the LED.

In another embodiment, a charge pump circuit 1s added to
a conventional fluorescent lamp circuit. A soft-switching
capacitor 1s included 1n the charge pump capacitor. The cur-
rent that 1s supplied to the LED i1s determined by the value of
the capacitor, the switching frequency, and the DC bus volt-
age, and thus provides for a delay in current supply to the
LED. This delay advantageously protects the LED from the
large voltage required to 1gnite the fluorescent lamp.

A method of driving a lamp assembly that includes at least
one fluorescent lamp and at least one light emitting diode
(LED) sued a combined driver circuit for supplying both the
fluorescent lamp and the LED, includes supplying high volt-
age AC to a first portion of the driver circuit for the fluorescent
lamp; supplying low voltage DC to a second portion of the
driver circuit for to the LED; and providing a secondary
winding in the second portion of the driver circuit that 1s
inductively coupled with a ballast coil in the first portion of
the driver circuit that drives the fluorescent lamp.

A primary benefit 1s the ability to efliciently integrate the
driver circuits for the combined lamp assembly.

Another benefit relates to a low cost solution to the dispar-
ate needs of the different light sources.

Yet another benefit 1s associated with protecting the LED
from the high voltage operatively associated with the tluores-
cent lamp driver circuit.
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Still another benefit resides 1n the compact, low-power
dissipating LED driver combined with the fluorescent lamp
driver.

A further benefit results from ease of igniting the lamp
since the circuit 1s not loaded during 1gnition.

A still further benefit 1s provided by overvoltage protection
for the LED.

Further benefits and advantages will become apparent to
those skilled in the art from reading and understanding the
tollowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a combined lamp assembly of the type that
incorporates the combined driver circuit of the present dis-
closure.

FIG. 2 1s afirst preferred embodiment of a combined circuit
for driving both a fluorescent light source and a LED lLight
source 1n a combined lamp assembly.

FIG. 3 graphically illustrates different circuit parameters
during an 1gnition phase of the combined lamp assembly.

FIG. 4 stmilarly illustrates the different circuit parameters
once the lamp assembly has reached steady state operation.

FIG. 5 15 a second preferred embodiment of a combined
circuit for driving both a fluorescent light source and a LED
light source 1n a combined lamp assembly.

FI1G. 6 1s a third preferred embodiment of a LED circuit that
can be added to a conventional fluorescent light source circuit
in a combined lamp assembly.

FIG. 7 1s a fourth preferred embodiment of a combined
circuit for driving both a fluorescent light source and a LED
light source in a combined lamp assembly.

DETAILED DESCRIPTION

Turning first to FIG. 1, there 1s shown an LED integrated
fluorescent lamp assembly 100 that has a low pressure fluo-
rescent discharge lamp arrangement 102 that includes at least
one low pressure discharge tube 104 attached to a housing or
shell 106, typically formed from plastic. In the depicted
embodiment, the fluorescent lamp or light source 1s a CFL
lamp that includes two generally U-shaped low pressure dis-
charge tubes 108, each discharge tube radiating white light
(3000K-4000K, 480-1200 Im). Of course 1t will be appreci-
ated that other fluorescent lamp arrangements could be used
such as a helical discharge tube having an elongated path and
in a manner that 1s generally well known 1n the art. The
discharge tube arrangement 102 and shell 106 can be
assembled together as a single element.

An envelope such as a glass envelope or outer bulb 120 may
encompass the fluorescent discharge lamp arrangement 102.
The outer envelope 1s secured to one end of the housing and
the other end of the housing typically includes a base such as
an Edison-style threaded base 122 for mechanically and elec-
trically connecting the lamp assembly to an associated lamp
fitting or lamp holder (not shown). An LED 124 1s provided 1n
the base and may be connected to a heat sink such as brass ring,
126 to dissipate the heat. In addition, a light guide 128, shown
in this embodiment as an elongated linear light guide,
receives light from the LED disposed 1n the base and conveys
the light (for example, red light emitted by the LED) into the
vicinity of or along the exposed length of the discharge tube
(s) 108 where the LED red light 1s advantageously mixed with
the white light from the CFL.

The lamp electronics are oftentimes enclosed within the
base. The fluorescent lamp 1s driven by a conventional AC
power supply, and includes a ballast coil 130 and associated
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clectronics to mitiate an arc 1n the discharge tube and provide
for steady state operation of the CFL. Since the details and
operation of the CFL electronics are well known 1n the art,
turther discussion 1s deemed unnecessary to a full and com-
plete understanding of the present disclosure. It 1s further
understood that the discharge tube requires an elevated volt-
age level (for example, 1n the range of 100 volts or more) 1n
order to 1nitiate an arc, and thereafter the continued operation
of the arc discharge requires a lower voltage level. As noted
above, however, the high voltage level can have an adverse
impact on a LED light source.

This disclosure uniquely integrates the driving circuits for
the fluorescent lamp and LED 1nto a combined solution that
advantageously connects the LED driver to the CFL ballast.
More particularly, and with reference to FIG. 2, the ballast
coil 130 1s the only 1illustrated component of CFL driver
circuit 132. An LED dniver circuit 134 1s powered from a
secondary winding 136 associated with the ballast coil 130.
Preferably, the secondary winding 1s inductively coupled
with the transformer/coil of the CFL ballast 130 and the
secondary winding drives the LED circuit. Thus, current in
the LED circuit 1s dependent on the CFL ballast being in
either 1ignition or steady state mode. The secondary winding 1s
center-tapped and includes first and second secondary wind-
ing portions 136a, 13656 to form a full-wave rectifier via
diodes D1 and D2. This arrangement 1s preferred since the
voltage drop 1s approximately one-half when compared to a
Gratez bridge. Further, the applied diodes D1, D2 are low
voltage Schottky diodes to provide further increased effi-
ciency.

First and second field effect transistors (FET) Q1, Q2 are
incorporated into the circuit to protect the LED during 1gni-
tion of the CFL. As 1s known, the transistors rely on an electric
field to control the conductivity of a channel, particularly the
gate terminal controls electron tlow from the source to the
drain. Here, the resistor bridge R3, R4 controls the gate volt-
age of field effect transistor Q2 that 1s supplied by diode D3
and capacitor C1. When the voltage through the ballast coil 1s
high during CFL 1gnition, the gate voltage of Q2 rises to the
level of opening the FET Q2. When Q2 1s opened, the gate of
Q1 1s pulled low, so that Q1 1s closed. Accordingly, no current
can flow through FET Q1 and the LED 1s off.

After lamp 1gnition, however, the voltage 1n the ballast
primary coil 1s reduced to a steady state operation and like-
wise the voltage on the secondary winding 136a, 1365 1s
reduced. As a result of the reduced voltage level, field effect
transistor Q2 closes because the gate voltage thereof as set by
R3 and R4 1s lower than the opening voltage. Consequently,
the gate voltage o1 (Q1 1s then set by R2, R3 so that Q1 1s now
open and the LED is 1lluminated as a result of current tlow.
The circuit arrangement of FIG. 2 i1s further beneficial
because once the normal, steady operation of the LED 1s
attained, there 1s a very low voltage drop in this LED circuit
since the LED supply current flows through only one FET Q1
and one Schottky diode.

These relationships are graphically illustrated in FIGS. 3
and 4. Specifically, with reference to FI1G. 3, the high voltage
V ~zr required to initiate the arc in the fluorescent lamp 1s
shown 1n the bottom plot C3 of the three graphical represen-
tations. Once the fluorescent lamp or CFL 1s 1gnited, then the
voltage V .., 1s significantly reduced as represented by the
reduced voltage during steady state operation of the CFL and
exhibited later 1in time along the x-axis. The corresponding
voltage V.. at the gate of the FET transistor Q1 1s shown to
increase in the upper plot of FIG. 3 at a time after the 1gnition
voltage level V -, 1s reduced to a lower operational level.

Likewise, the current I, ., flow through the LED as shown 1n




US 7,759,880 B2

S

the middle plot of FIG. 3 does not occur until the 1gnition
voltage of the CFL has been reduced to the lower, steady state
level. FIG. 4 1s a continued graphical representation of these
parameters V -, V_ ., and I, ., during the continued opera-

gate?

tion of the combined CFL/LED lamp.

FIG. 5 depicts a typical CFL ballast 150 that operates
fluorescent lamp 152 and where the LED 154 1s powered front
the solt-switching capacitor Co. A charge pump circuit (rep-
resented by box portion 156 in FIG. 5) 1s added to the con-
ventional CFL ballast and the charge pump circuit includes
capacitor Co, diodes D3, D4, and filter capacitor C1. The
charge pump circuit 156 1s driven from the CFL ballast at the
switching frequency. Durmg startlngj the voltage developed
across the capacitor Cp 1s sufficient to 1gnite the lamp. The
switching frequency at this starting voltage amplitude 1s close
to the steady-state operating frequency when the fluorescent
lamp achieves the arc mode. The voltage across capacitor Ci
increases to allow the LED to conduct.

Co serves as the soft-switching capacitor and the charge
pump capacitor. The current that 1s supplied to the LED 1s
determined by the value of Co, the switching frequency and
the DC bus voltage V. Thus, this arrangement provides for a
delay i current supply to the LED and thereby advanta-
geously protects the LED from the large voltage required to
ignite the fluorescent lamp since the charge pump circuit only
provides current tlow to the LED after the 1ignition voltage has
subsided.

A relatively simple, alternative LED circuit 160 1s shown in
FIG. 6. Again, a secondary winding 162 1s advantageously
used to induce current flow in the LED circuit from the
voltage 1n the primary coil or ballast coil associated with the
CFL or fluorescent lamp. A capacitor 164 1s used to limait
current through the LED circuit 160. A power zener diode 166
1s included 1n parallel with the LED 168 to clamp the voltage
across the LED. This simple circuit 160 protects the LED
trom the high voltage developed by the ballast during 1gnition
of the fluorescent lamp/CFL because the voltage across the
LED 1s clamped by the zener diode.

Still another embodiment of a ballast circuit 180 for a
fluorescent lamp 182 and a LED 184 1n a combined lamp
assembly 1s shown 1n FIG. 7. A secondary coil T101-A and
field effect transistor Q10 are added components to a conven-
tional CFL dnive circuit 186. After lamp 1gnition, Q10 turns
on, and voltage on T101-A induces a voltage on secondary
winding 1T101-B of the LED circuit portion 190. The square
wave voltage 1s rectified to provide a constant DC Current to
drive the LED 184 1n the LED circuit portion 190 of the
combined circuit.

The four diodes 196a-d provide the desired rectification of
the square wave voltage. Moreover, the RC network 198 in
the fluorescent lamp portion of the combined circuit 1s con-
figured so that Q10 1s not turned on until after lamp 1gnition.
Again, this delay and the coupling via the secondary winding,
protects the LED from the high voltage associated with tluo-
rescent lamp 1gnition.

The disclosure has been described with reference to the
preferred embodiments. Obviously, modifications and alter-
ations will occur to others upon reading and understanding
the preceding detailed description. For example, the LED
may be indirectly connected to the secondary winding via a
voltage rectifier where the voltage rectifier may include a
current generator, a voltage/current generator, a voltage regu-
lator, a timer, and/or an overvoltage protector as 1s generally
known 1n the art, and without departing from the scope and
intent of the present disclosure. It also bears mention that 1n
clectronics practice, high voltage generally means 1n the
range of 120-750 kilovolts, and low voltage means O to 700
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volts. Therefore, the range of high voltage associated with the
present disclosure should not be misconstrued with this gen-
cral understanding of high voltage 1n the electronics practice.

Further, in the present disclosure, the operating current of the

LED and the CFL are both on the scale of a few hundred
milliamps. Generally, and 1n the present disclosure, the LED
1s driven by higher current than the CFL. It is intended that the
disclosure be construed as including all such modifications
and alterations.

Having thus described the invention, 1t 1s now claimed:

1. A circuit for driving a fluorescent lamp and at least one
light emitting diode (LED) comprising:

an integrated driver circuit including:

a high frequency, alternating current (AC) circuit that
includes at least one ballast coil for driving the fluo-
rescent lamp, and

a low voltage, direct current circuit for driving the LED
having a secondary winding inductively coupled with
the fluorescent lamp ballast coil for driving the LED,
whereby power to the LED 1s delayed until the fluo-
rescent lamp 1s 1gnited, and the high voltage required
for fluorescent lamp 1gnition has reduced.

2. The circuit of claim 1 whereby the LED driving circuit 1s
protected from high voltage required for fluorescent lamp
ignition via the inductively coupled winding and ballast coil.

3. The circuit of claim 1 wherein the LED 1s indirectly
connected to the secondary winding via a voltage rectifier.

4. The circuit of claim 3 wherein the voltage rectifier
includes a current generator.

5. The circuit of claiam 3 wherein the
includes a voltage/current generator.

6. The circuit of claim 3 wherein the
includes a voltage regulator.

7. The circuit of claam 3 wherein the
includes a timer.

8. The circuit of claim 3 wherein the
includes an overvoltage protector.

9. A circuit for driving a compact fluorescent lamp (CFL)
and at least one light emitting diode (LED) comprising:

an integrated driver circuit including

a high frequency, alternating current (AC) circuit that
includes at least one ballast coil for driving the CFL,
and

a low voltage, direct current circuit for driving the LED;

means for delaying power to the LED circuit until after the

CFL has been 1gnited.

10. The circuit of claim 9 wherein the power delaying
means 1ncludes a secondary winding inductively coupled
with the CFL ballast coil for driving the LED.

11. The circuit of claim 9 wherein the power delaying
means includes a current limiting capacitor.

12. The circuit of claim 9 wherein the power delaying
means includes a charge pump capacitor.

13. A method of driving a lamp assembly that includes at
least one fluorescent lamp and at least one light emitting diode
(LED) and a combined driver circuit for supplying both the
fluorescent lamp and the LED, comprising;:

supplying high voltage AC supply 1n a first portion of the

driver circuit to the fluorescent lamp;

supplying low voltage DC supply 1n a second portion of the

driver circuit to the LED;

providing a secondary Wllldlllg in the second portion of the

driver circuit that 1s inductively coupled with a ballast

coil 1n the first portion of the driver circuit that drives the
fluorescent lamp; and

delaying the voltage supply to the LED until after 1ignition

of the fluorescent lamp.

voltage rectifier

voltage rectifier
voltage rectifier

voltage rectifier
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14. The method of claim 13 wherein the delaying step 18. The method of driving the lamp assembly of claim 17
inf:ludes preclu‘ding current flow to the LED ur}til a predeter- further comprising inductively coupling a winding of the
mined voltage 1s provided by the secondary winding. circuit second portion with a ballast coil 1n the first portion of

15. The method of claim 14 wherein the delaying step

includes providing voltage to a gate terminal of a first field 5 . .
effect transistor (FET) to permit current flow to the LED. 19. A method of driving a lamp assembly that includes at

16. The method of claim 15 further comprising providing a least one fluorescent lamp and at least one light emitting diode
second field effect transistor (FET) for protecting the LED (LED) and a combined driver circuit for supplying both the
against overvoltage wherein the drain of the first FET sup- fluorescent lamp and the LED, comprising:
plies a gate terminal of the second FET. | 10 supplying high voltage AC supply in a first portion of the

17. A method of driving a lamp assembly that 1nclud§s at driver circuit to the fluorescent lamp;
least one compact fluorescent lamp and at least one light
emitting diode (LED) and a circuit for driving both the CFL
and the LED, comprising;

supplying high voltage AC supply 1n a first portion of the 15  delaying the voltage supply to the LED until after 1ignition

circuit to the CFL; and of the fluorescent lamp.

supplying low voltage DC supply 1n a second portion of the

circuit to the LED after the high voltage supplied to the
CFL for 1gnition has subsided.

the circuit.

supplying low voltage DC supply 1n a second portion of the
driver circuit to the LED; and
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